Abstract. Basaloid squamous cell carcinoma of the esophagus (BSCE) is a rare variant of squamous cell carcinoma that is difficult to distinguish from other carcinomas by preoperative endoscopic biopsy because of its histological varieties. Accurate diagnosis is essential for adequate treatment, and the methods proposed so far (e.g., immunohistochemical staining) have limitations. In this study, we tried to identify the characteristic bundles of gene expression in BSCE using comprehensive gene expression analysis (CGEA). Subsequently, we constructed a gene expression scoring system for the proper diagnosis of BSCE. Fifty-seven surgical specimens, including seven BSCEs, obtained from 30 patients who underwent esophagectomy were used for constructing the scoring system. Three hundred and twelve biopsy specimens, including eight BSCEs, obtained from 80 patients and 20 commercially available formalin-fixed paraffin-embedded (FFPE) specimens diagnosed as esophageal cancer, including 13 BSCEs, were used for validation. After our original mathematical extraction algorithm, 75 genes were extracted to distinguish BSCE from non-BSCE. The cumulative converted values (gene expression score) of the respective 75 genes from each specimen were obtained and lined up in ascending order to assess the optimal gene expression cut-off score for a definitive diagnosis of BSCE. The validation of this scoring system showed high prediction of the biopsy specimens [area under the curve (AUC)= 0.981; 95% confidence interval (CI): 0.952-1.000] and the commercially available FFPE specimens (AUC=0.901; 95% CI: 0.750-1.000). In conclusion, using CGEA in a gene expression scoring system helps in differentiating BSCE from non-BSCE with high accuracy and may contribute in improving BSCE treatment.
Introduction
Basaloid squamous cell carcinoma (BSC) was first reported by Wain et al (1) to occur in the head and neck region. BSC may occur in various other sites, including esophagus (2), lung (3), anus (4), uterine cervix (5), penis (6) , and urinary bladder (7) . BSC of the esophagus (BSCE) is a rare and uncommon variant of squamous cell carcinoma (SCC), with a reported incidence ranging from 1.0 to 8.7% (8) (9) (10) (11) (12) (13) (14) (15) (16) in Japan and 0.4 to 11.3% (2, (17) (18) (19) (20) (21) (22) (23) (24) in other countries.
BSCE has six typical components on histology: solid nest with central necrosis, cribriform pattern, ductal differentiation, microcyst and/or trabecular nests, hyaline-like material deposition, and coexistence of SCC components (16) . Because of these histological varieties, BSCE is difficult to distinguish from adenoid cystic carcinoma, small cell carcinoma, poorly differentiated SCC, or adenosquamous carcinoma (2, 23, 25, 26) . Furthermore, it is even more difficult to diagnose BSCE based on the histological examination of endoscopic biopsy specimens, with a low diagnostic accuracy of only 0-10% (23, 24, 27) . BSCE has been frequently diagnosed as SCC on endoscopic biopsy specimens, probably because of the fact that BSCE frequently presents as a submucosal tumor-like structure covered with normal epithelium or SCC (14, 15) . Therefore, sampling multiple and deeper sites is recommended for diagnosis by endoscopic biopsy (24, 27) . Some diagnostic approaches using immunoreactivity (2, 9, 12, 16, 18, 19) or polymerase chain reaction (PCR) (28,29) have been reported, but none of these showed high specificity for BSCE.
A novel gene expression scoring system for accurate diagnosis of basaloid squamous cell carcinoma of the esophagus The prognosis of BSCE is still controversial. Some studies stated no significant difference between BSCE and SCC (2, 20) , whereas others stated poorer prognosis of BSCE than that of SCC (16, 17, 23) . Some authors specified that BSCE shows a poor degree of differentiation, high proliferative activity (2), aggressive biological behavior (16) , high telomerase activity (20) , and a worse prognosis than that in SCC in advanced cases (30) . meanwhile, other authors mentioned that the treatment for BSCE is similar to that for SCC of the esophagus (15, 23) . The rarity of and difficulty in the proper diagnosis of BSCE (15) may be responsible for this diversity. Therefore, proper diagnosis is mandatory for analyzing the outcome and determining the suitable treatment for this disease entity.
We have previously reported the use of comprehensive gene expression analysis (CGEA) to identify some disease-specific genes (31,32). The present study aimed to improve the diagnostic accuracy for BSCE by attempting to extract the genes expressed in it. From CGEA of esophagectomy specimens, we constructed, verified, and evaluated a gene expression scoring system for the proper diagnosis of BSCE. Commercially available esophageal specimens. From US Biomax Inc. (Rockville, md, USA), we purchased 20 formalinfixed paraffin-embedded (FFPE) specimens that were diagnosed to have BSCE components. These FFPE specimens were reviewed by three pathologists before inclusion.
Materials and methods

Patient
Specimen sampling. Small fractions (7x7 mm) of the cancerous site and normal mucosa were removed from each surgical specimen and were immediately frozen in liquid nitrogen before performing CGEA. Residual tissue specimens were fixed in formalin and then embedded in paraffin before pathological examination.
For the biopsy specimens, tiny fractions (3x3 mm) of the esophageal epithelium, including cancerous and normal sites, were obtained endoscopically; they were immediately frozen separately in liquid nitrogen before performing CGEA. Another specimen from near the first biopsy site was obtained endoscopically; it was fixed in formalin and embedded in paraffin before pathological examination. We made an effort to sample multiple and deeper sites by endoscopic biopsy. We ascertained that the frozen specimens for CGEA and the FFPE specimens for pathological examination had identifiable pathological features.
Pathological review. The surgical, endoscopic biopsy and commercially available FFPE specimens were stained with hematoxylin and eosin and were reviewed by three pathologists (Fig. 1) . BSCE was defined using the criteria described by Wain et al (1) ; the six component histological features reported by Imamhasan et al (16) were also evaluated. In this study, tumors that contained some BSC components within SCC were categorized as BSCE.
Comprehensive gene expression analysis. Frozen specimens were processed for total RNA extraction using Isogen (Nippon Gene Co., Ltd., Tokyo, Japan) and for poly(A)+RNA purification using microPoly(A) Purist kit (Ambion, Austin, TX, USA). Commercially available FFPE specimens were processed for total RNA extraction using ISOGEN PB kit (Nippon Gene Co., Ltd.). The human common reference RNA was prepared by mixing equal amounts of total RNA and poly(A)+RNA, which were extracted from 22 human cancer cell lines (A431, A549, AkI, hBL-100, heLa, hepG2, hL60, ImR-32, Jurket, k562, kP4, mkN7, Nk-92, Raji, Rd, Saos-2, Sk-N-mC, SW-13, T24, U251, U937, and Y79). The dNA microarray that used poly(A)+RNA was named system 1; a set of synthetic polynucleotides (80-mers) representing 31,797 species of human transcript sequences was printed on a glass slide using a custom arrayer. The dNA microarray that used total RNA was named system 2; a set of synthetic polynucleotides (80-mers) representing 14,400 species of human transcript sequences was printed on a glass slide using a custom arrayer. For RNA of the samples, SuperScript II (Invitrogen Life Technologies, Carlsbad, CA, USA) and Cyanine 5-dUTP (Perkin-Elmer Inc., Boston, mA, USA) were used to synthesize labeled cdNA from 2 µg of poly(A)+RNA in system 1 and 5 µg of total RNA in system 2. Using the same method for the reference RNA, Cyanine 3-dUTP (Perkin-Elmer Inc.) was used to synthesize labeled cdNA from 2 µg of poly(A)+RNA in system 1 and 5 µg of total RNA in system 2.
hybridization was performed with a Labeling and hybridization kit (microdiagnostic, Tokyo, Japan). Signals were measured using a GenePix 4000B Scanner (Axon Instruments, Inc., Union City, CA, USA) and then processed into the primary expression ratios of the cyanine 5 intensity of each specimen to the cyanine 3 intensity of the human common reference RNA. Each ratio was normalized using GenePix Pro 3.0 software (Axon Instruments, Inc.). The primary expression ratios were converted into log2 values, which were designated as log ratios or converted value. data were processed using microsoft Excel software (microsoft, Bellevue, WA, USA) and mdI gene expression analysis software package (microdiagnostic) (33) .
Statistical analysis. Clustering analysis was performed using group average method with an Expression View Pro (microdiagnostic).
The cut-off score was determined by receiver operating characteristic (ROC) curve analysis with the aim of validating the gene scoring system. The optimal cut-off score for the definitive diagnosis of BSCE was assessed and determined by area under the ROC curve (AUC) analysis of the maximum values of sensitivity and specificity. ROC curve analysis was performed using the software program SPSS version 23 (SPSS, Inc., Chicago, IL, USA).
Refinement steps to identify candidate genes from CGEA of surgical specimens.
Step 1: Genes with fluorescence intensity below the detection limit in two or more of the seven BSCE specimens were excluded.
Step 2: The genes with a converted value of ≥1 in at least one of the 57 surgical specimens were selected.
Step 3: The mean or average of the converted values of the chosen genes were calculated, and the genes that met the following requirement were selected: average value -converted value ≥1.
Step 4: Clustering analysis was performed on the chosen genes.
Construction of gene expression scoring system for BSCE.
Step 5: The mean of the converted values of the genes that were expressed in six specimens of the BSCE cluster was calculated; genes with an average value of ≥1 were selected.
Step 6: Genes with fluorescence intensity below the detection limit were excluded in more than half of the non-BSCE specimens.
Step 7: The standard deviation (Sd) of the converted values of the genes that were expressed in the non-BSCE specimens were calculated; genes with an Sd of <0.5 were selected.
Step 8: Genes that met the following requirement were selected: average value of six specimens in the BSCE cluster -average value of non-BSCE specimens of ≥1.
Step 9: A t-test was used to compare the average value of six specimens between the BSCE cluster and the non-BSCE specimens; genes with a P-value of <0.01 were selected. Step 10: The converted values of the selected genes from all specimens were added as gene expression scores, which were arranged in ascending order.
Study design. First, using CGEA of the surgical specimens, genes that were characteristically expressed in BSCE were identified; subsequently, a gene expression scoring system was constructed to more accurately diagnose BSCE. Second, the accuracy of our scoring system was validated using biopsy and commercially available FFPE specimens. The study design is shown in Fig. 2 .
Results
Pathological diagnosis of the specimens for CGEA. Of the 98 patients, surgical specimens were obtained from 30, endoscopic biopsy specimens from 80, and both from 12. Seven cases of BSCE were included in this study, six cases underwent esophagectomy and one case underwent only endoscopic biopsy. We obtained more than one specimen from each individual, and all specimens were subjected to gene expression analysis. The number of specimens that contained enough amount of RNA for CGEA was 369 (57 surgical and 312 endoscopic) ( Table I ). The surgical specimens comprised 26 normal esophageal tissues, 23 SCCs, seven BSCEs, and one neuroendocrine carcinoma (NEC). Biopsy specimens comprised 229 normal esophageal tissues, 51 SCCs, eight BSCEs, one NEC, 21 adenocarcinomas, and two intraepithelial neoplasias. Commercially available FFPE specimens comprised two SCCs, 13 BSCEs, and five NECs. All commercially available FFPE specimens were also subjected to CGEA.
Clinicopathological characteristics. Patients with BSCE, including five men and one woman, with a mean age of 63 (range, 55-68) years, underwent esophagectomy; their clinicopathological characteristics are listed in Table II Comprehensive gene expression analysis of the surgical specimens. Fig. 3 shows the result of CGEA of 57 surgical specimens, including seven BSCE specimens (one specimen from cases 1, 2, 3, 5 and three specimens from case 4); 10,027 genes were selected in step 1; 9,004 in step 2; and 7,379 in step 3.
A two-dimensional hierarchical clustering analysis of 7,379 genes yielded three different clusters: the 1) BSCE cluster, which comprised six of the seven BSCE specimens; 2) SCC cluster, which mainly comprised SCC; and 3) normal cluster, which mainly comprised normal esophageal tissue. It was possible to distinguish BSCE specimens from the others using this analysis.
Gene expression scoring system for BSCE. We selected BSCE-specific candidate maker genes and attempted to construct a gene expression scoring system for more accurate diagnosis of BSCE, and 986, 972, 243, and 100 genes were sequentially selected from steps 5, 6, 7, and 8, respectively. Finally, 75 genes were selected in step 9 (Table III) and subjected to extrapolation of the gene expression score, as described in step 10. Our gene expression scoring system, which set the cut-off score at 56.5, very clearly distinguished the seven BSCE specimens from the non-BSCE specimens (Fig. 4) .
Validation of the gene expression scoring system. Using CGEA, we calculated 75 gene expression scores, which were arranged in ascending order (Fig. 5) . ROC curve analysis of the gene expression scoring system using biopsy specimens yielded an optimal cut-off score of 40.5, with an AUC of 0.981, sensitivity of 87.5%, and specificity of 99.0% (Fig. 6A) . By the same procedure, ROC curve analysis of the gene expression scoring system using commercially available FFPE specimens, including 13 BSCE, yielded an optimal cut-off score of 34.9, with AUC of 0.901, sensitivity of 92.3%, and specificity of 71.4% (Fig. 6B) .
Discussion
Using CGEA of esophagectomy specimens, we identified the 75 genes that were characteristically expressed in BSCE to construct a gene expression scoring system, which made it possible to distinguish BSCE from non-BSCE in biopsy and commercially available FFPE specimens with high sensitivity and specificity. To our knowledge, this is the first report to show an accurate diagnostic modality that could significantly contribute in improving the diagnosis and treatment of BSCE.
diagnosing BSCE using endoscopic biopsy specimens is difficult, with a reported diagnostic accuracy of only 0% to 10% (23, 24, 27) . We too were unable to accurately diagnose BSCE using preoperative endoscopic biopsy in three of six surgical patients. To overcome this difficulty, immunohistochemical staining was performed. Cytokeratin (Ck) subtypes, including Ck13 (12), Ck14 (16) , and Ck19 (9, 12, 19) , were attempted, but they failed to show specific properties, as did p53 and Rb protein (12, 34, 35) . On the other hand, a combination of immunohistochemical staining and PCR analysis was previously tested for differential diagnosis: Bcl-2 expression together with c-myc amplification was demonstrated to be more frequent in BSCE than in SCC (28) , but the specificity of this test was low (43.5%). In this study, we identified the 75 genes that were characteristically expressed in BSCE. None of these genes were mentioned in previous reports. Of 75 genes, collagen related genes (COL9A2,COL9A3,COL9A1) and fibroblast growth factor related genes (FGF19, FGF3) might be concerning the characteristics of BSCE based on the association with genes identified in this study. In one study, comprehensive gene expression profiling was performed for endoscopic biopsy specimens of esophageal SCC (36). however, CGEA in our institution is different from that in the other institution. We had previously extracted some disease-specific genes through the CGEA system at our institution (31,32). Our CGEA has three features: 1) it can analyze small samples, like endoscopic biopsy specimens; 2) it can be performed without RNA amplification; and 3) the gene expression ratio of all types of samples can be compared with human common reference RNA. Comprehensive gene expression analysis is done to compare the expression levels of the human common reference RNA which was prepared from 22 human cancer cell lines. Profiles were obtained even from the BSC samples comprising SCC components. A group of genes specific for BSC were selected by comparing BSC containing SCC component with non-BSC (SCC). A group of genes that were expressed in SCC components were eliminated by selection process for the genes specific for BSC. Therefore, the group of genes specific for BSC can distinguish between the BSC and non-BSC even though BSC samples included SCC components. Introducing of the scoring system enabled us to differentiate BSC from non-BSC if the sample contains a limited portion of BSC with SCC components. In this study, we selected 75 genes for constructing a gene expression scoring system for the proper diagnosis of BSCE. There have been no reports on studies in which a gene expression scoring system was constructed to diagnose cancers. This scoring system is a novel, precise, and powerful tool for diagnosing BSCE in both endoscopic biopsy and FFPE specimens.
There are several limitations in this study. First, the biopsy specimens obtained for histology and CGEA were not identical, although we tried as much as possible to choose specimens that were adjacent to each other. In addition, biopsy samples might not hit the component of BSC for accurate Figure 5 . Validation of gene expression scoring system using endoscopic biopsy specimens. Black vertical line indicates the optimal cut-off score through ROC curve analysis. X-axis of the graph indicates a number of specimens, and y-axis indicates a gene expression score. . ROC curve analysis. (A) For the endoscopic biopsy specimens, the optimal cut-off score is 40.5. AUC is 0.981, with a sensitivity of 87.5% and a specificity of 99.0%. (B) For the commercially available FFPE specimens, the optimal cut-off score is 34.9. AUC is 0.901, with a sensitivity of 92.3% and a specificity of 71.4%. ROC, receiver operating characteristic; AUC, area under the curve; CI, confidence interval; FFPE, formalin-fixed paraffin-embedded.
diagnosis by pathological and genetical analysis. Thus, biopsy samples should be obtained from multiple sites in deep portion of tumor to obtain histological characteristics of BSC. In contrast, with this method, we are able to diagnose BSC from very small amount of specimens as long as it contains BSC component. Second, the parameters of processing the commercially available FFPE specimens (i.e., interval between resection and fixation, duration of fixation) were not controlled. Third, the cut-off scores varied among the sources (surgical, endoscopic biopsy, and FFPE specimens); this may have affected the attainment of reasonable specificity and sensitivity. In this study, the number of patients was too small to enable comparison of the prognoses between BSCE and SCC. These limitations should be addressed using a larger number of cases in the future. Nevertheless, we believe that this method elucidates the proper diagnosis of very rare cases of BSCE. Furthermore, it may be able to clarify whether the prognosis of patients with BSCE is similar to or poorer than that of patients with SCC. Lastly, recently (december 1, 2016) International Cell Line Authentication Committee released Version 8.0 of database of cross-contaminated or misidentified cell lines (37) , in which we found five cell lines (AKI human melanoma, hBL-100 human breast carcinoma, human gastric carcinoma mkN-7, Sk-N-mC human neuroblastoma and U937 lymphoma histiocytic cells) among our 22 reference cell lines have been contaminated with heLa cervical adenocarcinoma cells, human cells of unknown origin, a cell line of unknown origin, human Sarcoma (Ewing's) cells and a cell line of unknown origin, respectively. Even with this condition of reference cell lines it is obvious that our results would not be affected since we only used a relative ratio of BSCE against SCC, but not an absolute ratio to reference cell lines in order to select the responsible genes for the scoring system.
In conclusion, using CGEA of esophagectomy specimens, we identified 75 genes that are characteristically expressed in BSCE; a gene expression scoring system constructed from these data enabled us to distinguish BSCE from non-BSCE with high sensitivity and specificity, even on endoscopic biopsy specimens. We believe that this scoring system can be a novel method that may significantly contribute to improving the diagnostic accuracy for BSCE.
